Background. Although preoperative chemotherapy (cisplatin-etoposide) and radiotherapy, followed by surgical resection, is considered a standard of care for superior sulcus cancers, treatment is rigorous and relapse limits long-term survival. The Southwest Oncology Group-Intergroup Trial S0220 was designed to incorporate an active systemic agent, docetaxel, as consolidation therapy.
Background. Although preoperative chemotherapy (cisplatin-etoposide) and radiotherapy, followed by surgical resection, is considered a standard of care for superior sulcus cancers, treatment is rigorous and relapse limits long-term survival. The Southwest Oncology Group-Intergroup Trial S0220 was designed to incorporate an active systemic agent, docetaxel, as consolidation therapy.
Methods. Patients with histologically proven and radiologically defined T3 to 4, N0 to 1, M0 superior sulcus nonsmall cell lung cancer underwent induction therapy with cisplatin-etoposide, concurrently with thoracic radiotherapy at 45 Gy. Nonprogressing patients underwent surgical resection within 7 weeks. Consolidation consisted of docetaxel every 3 weeks for 3 doses. The accrual goal was 45 eligible patients. The primary objective was feasibility.
Results. Of 46 patients registered, 44 were eligible and assessable; 38 (86%) completed induction, 29 (66%) underwent surgical resection, and 20 (45% of eligible, 69% surgical, and 91% of those initiating consolidation therapy) completed consolidation docetaxel; 28 of 29 (97%) underwent a complete (R0) resection; 2 (7%) died of adult respiratory distress syndrome. In resected patients, 21 of 29 (72%) had a pathologic complete or nearly complete response. The known site of first recurrence was local in 2, local-systemic in 1, and systemic in 10, with 7 in the brain only. The 3-year progression-free survival was 56%, and 3-year overall survival was 61%.
Conclusions. Although trimodality therapy provides excellent R0 and local control, only 66% of patients underwent surgical resection and only 45% completed the treatment regimen. Even in this subset, distant recurrence continues to be a major problem, particularly brain-only relapse. Future strategies to improve treatment outcomes in this patient population must increase the effectiveness of systemic therapy and reduce the incidence of brain-only metastases.
(Ann Thorac Surg 2014;-:---) Ó 2014 by The Society of Thoracic Surgeons S uperior sulcus (SS) non-small cell lung cancer (NSCLC) is a form of locally advanced lung cancer that originates in the apex of the lung. Invasion of the chest wall and, potentially, the mediastinal structures makes resection challenging. Surgical resection by itself is infrequently curative. A combined modality approach of radiotherapy and resection, first adopted by Shaw et al [1] in the 1950s, resulted in 5-year survival rates of 25% to 30%.
This became a standard of therapy until 2001, when the Southwest Oncology Group (SWOG)/North American Intergroup published the results of a prospective phase II clinical trial (SWOG 9416/Intergroup 0160), establishing induction chemoradiotherapy, followed by surgical resection, as the new standard of care, with an 80% surgical resection rate and a 44% 5-year overall survival [2, 3] . This result was mimicked by a phase II trial performed by the Japan Clinical Oncology Group, protocol 9806, using a similar therapeutic approach that resulted in a 5-year overall survival of 56% [4] . Systemic failure was the major contributor to long-term death for both trials, present in approximately 80% of patients who recurred.
One strategy to control systemic recurrence is the administration of postoperative consolidation chemotherapy. SWOG 9416 planned for 2 cycles of additional etoposide and cisplatin after surgical resection. However, only 83% of the surgically treated patients received the prescribed therapy. Others have attempted to deliver postoperative chemotherapy after induction chemoradiotherapy and surgical resection to NSCLC patients, including SS tumor patients, with limited success and questionable benefit [5] .
In 2001 when this study was conceived, docetaxel had been proved to be active in patients with NSCLC recurrent after platinum-based therapy, showing improved response and survival compared with best supportive care [6] . SWOG experience with docetaxel consolidation in stage IIIB NSCLC after definitive cisplatin, etoposide, and concurrent thoracic radiotherapy suggested that this might be a more effective and better tolerated approach to further cisplatin-etoposide in the postoperative treatment of SS cancers [7] . We designed a phase II trial to determine the feasibility of treating SS NSCLC with induction chemoradiotherapy and definitive resection, followed by consolidation docetaxel.
Patients and Methods
The protocol for this study (ClinicalTrials.gov Identifier: NCT00062439; http://clinicaltrials.gov/) was approved by the Institutional Review Boards at the participating institutions. Patients were informed of the investigational nature of the study and provided written informed consent in accordance with institutional and federal guidelines.
Eligibility Criteria
Patients with a single, primary, previously untreated histologically or cytologically confirmed SS NSCLC, with selected stage IIB (T3 N0), IIIA (T3 N1), or IIIB (T4 N0 to 1), according to the American Joint Committee on Cancer, Cancer Staging Manual, 6th edition, NSCLC were eligible. SS cancer was defined as apical lung tumor, with or without associated Pancoast syndrome (neurologic symptoms secondary to invasion of the inferior brachial plexus); apical lung tumors with computed tomography (CT) scan or magnetic resonance imaging (MRI) evidence of invasion of upper chest wall, usually with involvement of ribs 1 or 2; upper thoracic vertebral bodies; or subclavian vessels. Lack of N2 nodal involvement was confirmed by negative results on mediastinoscopy or CT scan and negative positron emission tomography (PET) of the mediastinum. CT scan of the abdomen and bone scan or PET, and CT scan or MRI of the brain were used to assess for metastatic disease. Pulmonary function testing with diffusion capacity and routine laboratory testing were used to assess for fitness for planned treatment. Patients were required to have a Zubrod performance status of 0 to 2.
Treatment Regimen
After informed consent, eligible patients received induction chemoradiotherapy with cisplatin (50 mg/m 2 intravenously) on days 1, 8, 29, and 36, and etoposide (50 mg/m 2 intravenously) days 1 through 5 and 29 through 33, initiated simultaneously with thoracic radiotherapy given daily Monday through Friday in 1.8-Gy fractions to a total dose of 45 Gy. Radiotherapy included computerized treatment planning and delivery to the primary tumor and ipsilateral supraclavicular region. Coverage of the mediastinum or hilum was not mandated.
Nonprogressing patients underwent thoracotomy 3 to 7 weeks after completion of induction therapy. Resection was through an upper lobectomy, bilobectomy, or pneumonectomy, with involved areas of the chest wall or spine, or both, resected en bloc with the involved lung. Appropriate hilar and mediastinal lymph nodes were removed (levels 2R, 4R, 7, 8, 9, and 10R for right-sided tumors, and levels 5, 6, 7, 8, 9 , and 10L for left-sided . Patients who did not progress, but were deemed unfit for surgical intervention or who refused the operation, were continued on radiotherapy to a total dose of 61 to 61.2 Gy.
Patients with resection and full-dose radiotherapy who did not undergo an operation were to receive consolidation docetaxel (75 mg/m 2 intravenously) every 21 days for 3 doses beginning 3 to 8 weeks after completion of the operation or definitive radiotherapy.
Response Evaluations
Response was evaluated using Response Evaluation Criteria In Solid Tumors [8] , with assessments after 2 to 4 weeks after completion of induction chemoradiotherapy. Patients were restaged with CT scan of the chest and upper abdomen, CT scan or MRI of the brain, and pulmonary function tests. Bone scans were repeated only if new symptoms or elevated alkaline phosphatase occurred.
Patients were restaged at the completion of all therapy (4 to 6 weeks after completion of consolidation chemotherapy) and at 3-month intervals for 2 years and then 6-month intervals for 3 more years, for a total of 5 years or until death. At each follow-up visit, a routine history, physical examination, routine laboratory tests, a chest roentgenogram, and chest and upper abdomen CTs were performed. Other tests were obtained as necessary. Posttreatment brain scanning (contrastenhanced CT or MRI) was recommended at 6 and 12 months. 
Toxicity Evaluation
All patients were monitored for toxicity from treatment, recorded using Common Terminology Criteria for Adverse Events version 3.0 [9] .
Statistical Methods
The primary objective of this phase II study was to assess the feasibility of treating patients with stage IIB/IIIB SS NSCLC with a regimen of induction chemoradiotherapy, followed by surgical resection and consolidation docetaxel. Feasibility was defined by the percentage of patients completing all protocol treatment. The design specified that if the true rate was 55% or less, the regimen would not warrant further consideration, whereas if the rate were at least 75%, it would be promising. The accrual goal was 45 eligible patients and 30 to complete all protocol treatment. This design had an exact one-sided a level of 4% and exact power of 87%. With 45 patients accrued over 48 months and an additional 24 months of follow-up, this design also had 84% power to reject the null hypothesis of median survival time of 27 months in favor of median survival time of 45 months using a onesided À0.05 level test.
Overall survival (OS) and progression-free survival (PFS) were estimated using the Kaplan-Meier method. Exact binomial 95% confidence intervals (CIs) were calculated for the response rate (confirmed and unconfirmed, complete and partial responses) to induction chemoradiotherapy and the rate of complete resection (R0) after induction therapy. Estimation of locoregional failure rates and their 95% CIs were calculated [10] .
For patients who underwent surgical resection, KaplanMeier estimates of recurrence-free survival and OS from the date of the operation were calculated. A log-rank test was used to compare survival between patients who had achieved a pathologically complete response (pCR), defined as less than 5% viable tumor in margins, and those who had less than a pCR. 
Results
Accrual to the three phases of the trial is shown in Figure 1 . Between July 1, 2003, and October 1, 2007, 46 patients were registered. Of these, 44 patients were eligible, with 1 patient ineligible due to N3 disease and 1 patient refused protocol treatment. Table 1 reports the baseline characteristics of the 44 eligible patients. Of the 44 patients, 29 (66%) underwent surgical resection. Twenty-two patients (50% of 44 eligible and 76% of the 29 resected) received some consolidation chemotherapy, and of those, 20 (91%) completed all 3 cycles. Therefore, 45% (95% CI, 30% to 61%) of patients completed all protocol treatment.
Induction Chemoradiotherapy
Of the 44 patients who received induction chemotherapy, 1 patient (2%) died of infection with grade 3 to 4 neutropenia. Seven additional patients experienced grade 4 toxicity (16%), which included neutropenia in 5 patients, and 1 patient each with allergic reaction, dehydration, febrile neutropenia, lymphopenia, and thrombosis/embolism. Thirty-eight patients (86%) completed the induction regimen. Table 2 reports the number of patients with a given type and grade of toxicity during induction chemoradiotherapy.
Surgical Resection
Twenty-nine patients underwent surgical resection. Lobectomy was performed in 24 (83%), segmentectomy in 2 (7%), bilobectomy in 2 (7%), and wedge resection in 1 patient (3%). The 3 patients who underwent sublobar resection were protocol violations and were removed from study. Chest wall or adjacent organ resection was performed in 25 patients (86%). Each had one or more of the following structures resected:chest wall in 22, major vascular in 1, pericardium in 1, and other in 10, and more than 1 adjacent structure was resected in 7 patients. A median number of 5 lymph node stations (range, 0 to 9) were examined, with no nodes examined in 10% of the patients. Table 3 The median operating room time, defined as the time from entrance to exit from the operating room, was 4.3 hours (range, 1.4 to 9.5 hours), and the median estimated blood loss was 0.5 L (range, 0 to 7.5 L). Eleven patients (38%) received intraoperative or postoperative ( 7 days of the operation) transfusions, or both, and were given a median number of 2 units (range, 1 to 22 units).
There were 2 surgical deaths (2 of 29 [7%]), both due to adult respiratory distress syndrome. Two additional patients experienced grade 4 toxicity related to the operation, and 1 patient each experienced adult respiratory distress syndrome, cerebrospinal fluid leak, chylothorax, hemorrhage, hypoxia, lung infection, respiratory insufficiency, renal failure, and ventricular fibrillation. An intraoperative or postoperative complication occurred in 16 patients (55%), the most common of which was atrial arrhythmia in 9 patients (31%).
An R0 resection was achieved in 28 of the 29 patients (97%) who underwent operations; the remaining patient had an R1 resection and was treated with adjuvant radiotherapy. The postresection pathologic analysis revealed no evidence of residual tumor (pCR) in 8 (28%), minimal residual tumor (<5%) in 13 (45%), and the 
Consolidation Docetaxel
Consolidation docetaxel was initiated in 22 patients, and 20 completed the planned treatment. No deaths occurred related to consolidation therapy, but 6 patients experienced grade 4 adverse events, which included 5 with neutropenia. Table 4 shows toxicity during consolidation chemotherapy.
Response, PFS, and OS Table 5 summarizes the number of patients by lung cancer clinical stage over the course of the protocol into each of the major protocol categories. Thirty-two eligible patients had measurable disease according to the Response Evaluation Criteria In Solid Tumors at baseline and were included in the response analysis. Two patients stopped treatment due to toxicity before their first follow-up disease assessment and were counted as nonresponders. Partial responses were documented in 9 of 32 patients, for an estimated response rate of 28% (95% CI, 14% to 47%). The median follow-up among the 25 patients still alive is 45 months (range, 2 to 75 months). The median PFS is 43 months (95% CI, 20 to 43 months), and the OS is 50 months (95% CI, 20 to 50 months). The 3-year PFS is 56% (95% CI, 40% to 70%), and the 3-year OS is 61% (95% CI, 44% to 74%; Fig 2) . Figure 3 demonstrates the trend toward improved survival in those surgically resected patients who were found to have a pathologically complete response. Figure 4 illustrates the cumulative incidence of PFS failure types. The first recurrence was local in 3 patients and at a distant site in 10 patients, and 7 patients died before documentation of disease recurrence. Recurrence was documented in the brain in 7 patients, and each had no other site of recurrence.
Comment
The current study failed to achieve its primary end point, feasibility: 20 (45%) completed the planned therapy, a rate was not dissimilar from SWOG 9416. Through the SWOG S0220 design, we have defined the reasons for noncompletion of the trimodality induction protocol. Future trials must address the findings to increase the likelihood for protocol completion. Although survival was not the primary end point, the current regimen appeared to have a survival benefit. With modest power of 84% to reject the null hypothesis, the observed median OS was 50 months from enrollment, greater than the 41 months that would be sufficient to conclude that the true median OS is greater than 27 months (see Statistical Methods). Despite not reaching the accrual goal, this trial confirms the efficacy of the core therapy.
Treatment of nonmetastatic SS cancers with a trimodality approach is the de facto standard of care [11] [12] [13] [14] [15] [16] . In a phase II clinical trial studying trimodality therapy (SWOG 8805) in 126 IIIA (N2) and IIIB NSCLC patients, of which Pancoast NSCLC is a subset, chemoradiotherapy cytoreduced the primary cancer, potentially downstaging patients [17] . On the basis of these results and the poor outcomes of SS therapy, SWOG 9416 used the identical regimen as in SWOG 8805 [2, 3] . With 110 eligible patients, this was the largest trial performed in SS cancers and used meticulous surgical staging. It demonstrated the effectiveness of the trimodality approach, with 95% completing induction; median survival was 33 months and the 5-year OS was 44%. The R0 resection was 94%, and in that group, median survival was 94 months and 5-year survival was 54%. Although not a phase III trial, SWOG 9416 established induction chemoradiotherapy with cisplatin-etoposide and concurrent radiotherapy as a standard of care for SS NSCLC. Two major evidencedbased guidelines have now accepted this trimodality approach as a standard of care for SS cancers [15, 16, 18] .
Perhaps the greatest hurdle to improving survival using this treatment regimen is the relatively high rate of brain-only metastasis seen after therapy. In a retrospective review of SWOG combined-modality lung cancer trials, Gaspar and colleagues [19] demonstrated that 20% of patients relapse in the brain only and an additional 6% in the brain plus other sites. Of the 13 patients in the current study for whom the first site of relapse was known, the recurrence was only in the brain in 7 patients. Efforts to evaluate the use of prophylactic cranial irradiation in locally advanced NSCLC in the clinical trial setting have been hampered by poor accrual, and it is unlikely that a data-driven answer to this problem will be obtained. Fortunately, the availability of high-quality imaging, minimally invasive neurosurgical techniques, and stereotactic radiotherapy have improved the salvage rate for these patients, but strategies to mitigate this problem are still sorely needed. Table 6 summarizes the SS cancer prospective clinical trial literature and provides insight into the nature of the disease and treatment. All are phase II trials, with 2 single-institution and 3 multiinstitution cooperative [20] trial used adjuvant chemoradiotherapy. The induction programs were all platinum-based. Etoposide was most commonly used as the additional chemotherapeutic agent. The dose of radiotherapy was 45 Gy concurrently with the chemotherapy, although there were some variations in using hyperfractionated radiotherapy and whether the mediastinum was included. At the end of the induction program, 70% to 80% of the patients were surgically resectable, with the exception of 95% in the Marra and colleagues [21] trial, a single-institutional trial. All patients in the Gomez trial were resected.
The pCR rates for the SWOG 9416 and S0220 trials, were between 28% and 36%, and were 45% for the Marra and colleagues [21] trial and 21% for the Kunitoh and colleagues [4] trial. The SWOG 9416 and SWOG 0220 trials offered consolidation therapy. The number of surgical patients that were able to receive consolidation therapy was similar, 67% and 76%.
No deaths occurred from the postoperative treatment phase in the 3 postoperative treatment trials, the 2 SWOG trials, and the Gomez and colleagues trial. Postoperative chemotherapy was completed in 80% to 90%. The median OS for the SWOG trials was between 3 and 4 years. A survival advantage was conferred if there was a complete or nearly complete response and if the surgical margin was negative for malignancy.
Finally, taken together, these trials demonstrate excellent local control in resected patients but relatively high failure rates in distant sites. Time to recurrence was within the 2 to 3 years after the operation, and the most frequent location of recurrence was the brain. We conclude that induction chemoradiotherapy with etoposide and cisplatin provides an excellent rate of response and an excellent margin-free (R0) rate of resection. Whether postoperative consolidation therapy of any type adds to efficacy remains unclear. Further studies designed to improve the pCR as a surrogate for increasing survival, are warranted, as are investigations designed to prevent or reduce the incidence of brain relapse, the most common cause of distant failure.
